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Energy transfer processes occurring between atomic, ionic, or molecular
systems are very widespread in nature. The applications of such processes
range from radiation physics and chemistry to biology. In the field of
laser physics, energy transfer processes have been used to extend the
lasing range, increase the output efficiency, and influence the spectral
and temporal characteristics of the output pulses of energy transfer dye
lasers or solid-state laser materials. Thus in the development of
solid-state lasers, it is important to investigate the basic energy
transfer (ET) mechanisms and processes in order to gain detailed knowledge
so that successful technical utilization can be achieved. The aim of the
present research is to measure the ET rate from a given manifold
associated with the chromium (Cr) sensitizer atom to a given manifold in
the holmium (Ho) activator atom via the thulium (Tm) transfer atom, in the
Ho:Tm:Cr:YAG laser material. ‘

The energy level diagram for this material is illustrated in Figure 1.

The specific mechanism of the process by which the excitation energy is
transferred from sensitizer to activator is not quite clear at the present
time. However, the following possibilities may account for what is
believed to be occurring. Firstly, absorption of the incident 532 nm
photon by the chromium atom excites it to the 4T2 manifold. This is
followed by relaxation of the lattice surrounding it resulting in a phonon
transition to the 2E manifold, from which some emission occurs. Secondly,
some of the available electronic energy from the 4T2 manifold is
transferred to the 4F4 + 55, manifold of the activator, Ho, and the 3F3
manifold of Tm resulting in emission from these levels. The third
possibility is that the emission of a photon from the sensitizer is
followed by reabsorption by the transfer ion, Tm, resulting in its
excitation to lower-lying excited manifolds from which emission and/or
transfer can occur to the 517 manifold of holmium. Emission from 517 to
513 follows. The fourth possibility is for up-conversion to take place in
the transfer ion; for example, from the Cr 4T level to the Tm 1G4
manifold. This level then emits to the 3H5 manifold. Measurements of the
lifetimes of these manifolds will shed some light on the exact mechanism.
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The measurement is performed as a function of the upper and lower
manifolds, the concentration of the activator and the temperature. The
probability of transfer is concentration, and to some extent, temperature
dependent. Transfer rates are inferred by exciting the sensitizer atom
and measuring the rate of rise of the fluorescence from the activator
atom. Typical emission spectra, shown in Figure 2, were generated using
an Nd:YAG laser as the pump source. The 532 nm output from this laser was
impinged on the doped crystal situated in a modified variable temperature
dewar. The emission from the material was dispersed through a
monochromator, at right angles to the pump source, and detected using a
cooled photomultiplier tube (PMT). The PMT signal was processed by a
gated integrator and boxcar averager, and fed to an IBM XT computer
system. The rate of rise and decay of the fluorescence signal, shown in
Figure 3, was monitored by scanning the gate of the boxcar across the
signal from the manifold to which the monochromator was tuned.

A1l manifolds to which the excited manifold transfers energy were
monitored, in addition to the ones to which it decays. By doing the
latter, an independent check of the data would be obtained. This
technique will be applied in the energy transfer rate elucidation of other
component systems, such as Ho:Er:YAG, Ho:Tm:YAG,and Tm:Er:YAG in the near
future.

76



[E11SS 10N SPl(Ti.h OF 2.7/Cr:5. 7470 . 724R0: YPC hT 26 EC. € .

. Cr:'C+%R, >3 -
l-faséé'éu_; T

Exemiy 5108wt
22,

o},

A

e B B A T e S S|
6208 6!,8! 7688 7488 76888 8288

vt " DAISSICK STECTREY OF 2.7/CeiS.76/Tn: . 72H0:YAG AT -1B90EC.

511

g A a P S
ol == "A H‘. I‘
St-«nfun L TaR~sFen TOm frcTivAToR

Tm
Fred Ce”’
Enchay Levers oF Cor™, Tm™ aus HS™ v A&

M eiie Suiee . i Aeare.iiifiies i @estauie.i®isiiiiia® iiiieces®as s o - Beiieois. [
v Al T v 1 v ¥ ¥

- : : :
$208 6688 7688 7480 1880 8260
Fig. z

A R . S T 87 LEADIN EDCE OF TIAL SCAM
T R21 : TINE SCAN AT 5.4 DIG € :
Te:373 10 386 | : : ‘ AT 7873 0, 925.4C :
: Ta:313 T0 315} e
a‘ l ’ - ” N .
1 ’ :
1 - 6 .
1 .
“ ;
¢ o \
g
21 .......
".'*"";“lrd’.' : : : : : : : : : :
) R ¥ 1 T T ¥ i Y T ¥ T T T

762 .66 n NIt T8 82 .786 .19
(ssec)

ORIGINAL PAGE IS

77 OF POOR QUALITY



